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Digital Transformation and lloT

* |Industrial IoT

Customer Goal . Digital Twin
: : : : * Industry 4.0

By connecting machines in operation, . Smart XYZ’

« Digital Transformation

you can use data, algorithms, and models

to make better decisions, improve processes, reduce cost, improve
customer experience.




Predictive Maintenance
» QOperating Conditions vary over
time and location
« Component Life and Safety
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Blowout Preventeri Xwontrol System |
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Transocean performed CPM of a BOP using an adaptive physics-based modeling approach with Simscape [jnk


https://www.mathworks.com/videos/condition-and-performance-monitoring-of-blowout-preventer-bop-at-transocean-1545303832202.html
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Case Study: Transocean

<<<<<<<<<<

Objective: Reduce BOP downtime

Transocean
cccccc

Solution: ~
« Simulink model of BOP and Control System
« Simulate 100s future scenarios - degradation trends and anomalies =
» Pi Servers to collect data = »'f va ,
« Preprocess data to avoid noise and outliers _“Import and preprocess P! tags up to:
- Train Models on future scenarios to predict in advance 1 gggt Svenisisessequentaly
, events/sec in parallel

Outcome: Robust condition and performance monitoring of BOP reduced 1
downtime
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Example Problem: Develop and operationalize a digital twin and a
machine learning model to predict failures in industrial pumps
-

Current system requires Operator to manually monitor operational metrics for

anomalies. Their expertise is required to detect and take preventative action

<4\ MathWorks: wone IR oo

Pump Summar y

Pump Selection Fault Events Leakage Analysis

eeeeeeeeeeeee

"N, U
Process Engineer System Architect Operator
Develops models Deploys and Makes operational i
in MATLAB and operationalizes model decisions based R R B
Simulink on Azure cloud on model output
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Predictive Maintenance Workflow

Access and Explore Data

r

Files

=

Databases
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Working with
Messy Data
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Feature
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Develop Predictive

Models

Model Creation e.g. |

Machine Learning
A

Parameter
Optimization

L3
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Model
Validation

Integrate with
Production
Systems

Desktop Apps

Enterprise Scale

Systems
AWS
Kinesis

Embedded Devices
and Hardware
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> Visualize Results

31 party
dashboards

©Spotfire’

TIBCO Software
+t+ .
Y +ableau

Qlik@

[lm Power Bl

Web apps
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Backbone Infrastructure for Preventive, Predictive, Reactive, Actionable Analytics

~

Data = Long-Ra = Integrati =

Inge:.i;hnn — ";:1\ Corr?rl:'lﬂninn |:ns — reareen —

- 0 ﬂ- - 0 ﬂ- - 0

o Localat — i i . Edge — ’a q —

ommunications anagement E
Smart assets Edge systems OT Infrastructure IT Systems J
Hard real-time control Real-time decisions Time-sensitive decisions Big Data processing on historical data
A A A A

e N N N 7 D

Model-Based Design with
MATLAB & Simulink, code
generation

C/C+ MODBUS
TCP/IP

Speed

Value of data to decision making

Milliseconds Seconds

Edge Processing Model-
Based Design, code
generation

a MQTE C/C++

docker

Minutes

Stream Processing
with MATLAB Production Server

., —

\
§gk°"‘° -.....-‘1 /\ Azure
= Kinesis
== amazon
Bl
Event Hub webservices™ )

Hours Days

Hadoop/Spark integration

with MDCS, Compiler -

IA Azure

,,,,,, Jy
K- amazon
webservices™

Scope

Months
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Steaming Analytics - Remaining Useful Life

ER— 4\ MATLAB R2018b - m] X
MATLAB R2018b
= LIVE EDIT A it =2 tat
e T o~ B i L9020 @ HOME PLOTS LIVE EDTOR & i @ o] P
b A = [
< 21 @l ¥ 2/ » local » Demos » PredictiveMaintenance » Repo » v R gt Y H pid [ Eles v janNorat > | = | =il e B Secton [/ I/U
Current Folder O Command Window awi Open i Save i Commere | 5} GoTo. = | o, ]E ‘{ U Pf dicods e {4 Run and Advance fun  Step Siop
Name fx 5> | - - v (= Print (4 Find v SE@E=S Break 3 Runto End
- 1 FILE NAVIGATE TEXT CODE SECTION RUN =
<L ol B » C: » Users » hgorr » OneDrive - MathWorks » Shared with Everyone » DigitalTwinDemo » FaultClassification » v 0
Current Folder » 5] B Workspace (& >
Name | BuildDashboard.mix + Naiié
= ¥ GenerateData B
2] ; hel - ar —
= elpers Create Dashboard -
@ ¥ MachineLearning —
S : Streaming Create a dashboard to monitor the pumps and utilize the digital
-«
sl BuildDashboard.mx twin and machine learning models. There are many options to
& SimExecutable 15| DigitalTwin_FaultClassificati...
) @ Sirmulation & DigitalTwinApp.mlapp acheive this. You can create the app in MATLAB (also as a
%| streamingFun.mix prototype) and deploy this to a web application to be run by
| @
® anyone you share it with (without access to MATLAB). The
® code and model could then be integrated to an external system
; to manage the front end application.
()
® Command Window
. -
® - fx >> DigitalTwinApp v
> 5 ~ < Details A < > < >
writeToEnsemble.m (Fu...
m =

Edge Device Publishing Data Consume data and Update RUL
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Project statement: Develop end-to-end predictive maintenance system

Monitor flow, pressure, and current of each pump so | always know their
operational state

Need an alert when fault parameters drift outside an acceptable range so | can

£

| take Immediate corrective action
Plant

Operator
Continuous estimate of each pump’s remaining useful life (RUL) so that | can

schedule maintenance or replace the asset

10
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Project constraints and solutions

O A T o

Process
Engineer

Solution: Use an accurate physics-based software model for the — EFyysnwes
pump to develop synthetic training sets
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Project constraints and solutions

Process

SLLECEN Solution: Use MATLAB and integrate with OSS

‘ MathWorks
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Project constraints and solutions

e s b o oo

System
Architect

Solution: Leverage cloud platform to quickly configure and

provision the services needed to build the solution, while P MathWorks

minimizing lock-in to a particular provider

13
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, Physics of Triplex Pump

Process :
Engineer _Fa'lure_ Algorithm
_ Diagnosis
= Crankshaft drives three plungers Pressure

Sensor

— Each 120 degrees out of phase
— One chamber always discharging

_ Three types of fail W= /
ree types of railures { | ¥ |

Volumetric Flow Rate at Output

o
=

Lad
o

== Plunger 1

= Plunger 2 | Crankshaft
Plunger 3
—F’ump
.—:I-‘

06 062 064 066 068 0.7 072 074 076
Time (s)

Flow Rate (lpm)
= )
o o
————

'
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Creating Multi-Domain Physical Models using Simscape

W Predict >> Control >> Optimize>

*a
il
NNNNNN

Hydre ieftncTwland Subsystem2 eakage Valve

@ |[%aj HydroElectricTwinMode! 4

Q

& m¥an L T

=

= i

] Pressure

Sensor
5 =
2
rpmSetPoint 1 Blockage Valve
@ @ < "
Motor Systems GearPump ly M
o =
Process Instrumentation A
Pump outlet pressure (psi) Leakage Valve
L
2.792514345250307e+00 : E
Reservior
Blockage Fault
Flow (I/h)

- 338.7014
-]

»
Ready

Pump Hardware

4\ MathWorks
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|Acquire Real-Time Data for Updating Digital Twin

m> Analyze >> Predict >> Control >> Optlmlze>

pump Hardware o
s @ o

Curve Fitting Optimization PID Tuner Analog Input
Recorder

Generator Identification

’ m = modbus('tcpip', '192.168.2.1"', 388) 4\ Modbus Explorer
MODBUS TCPIP DEVICES
; m= + & e &)
v . . ice| Refresh  GetHardware  Manage Add-Ons
Modbus TCPIP with properties: Support Packages
o . ,,.. . : -
Digital Twin ko ! » =88 x
DeviceAddress: '192.168.2.1° ADD A DEVICE BY SPECIFYING CONNECTION P...
Port: 368
Status: 'open’ Modbus  Modbus
, Serial  TCPIP
NumRetries: 1

Timeout: 1© (seconds)
ByteOrder: 'big-endian’
WordOrder: 'big-endian'’

16
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Use Simulink Design Optimizer to

W Predict >> Control >> Optimize>

4\ Parameter Estimation” - HydroElectricTwinModel - EstimatedParams — O > ! |4\ Estimation Progress Report - O X
PARAMETER ESTIMATION ALl y TE : do P TR il i
| lteration | F-count Exp
E ﬁ % E E Cost Function: Sum Sguared Error » & (Minimize)
Open Save New Select Select  Senstivity  AddPiot Piothlodel () ore Options v Estimate 0 5 44510 A
= v Exp Exy F Analysis ¥ VR b | N 1 10 4.4510
FILE EXPERIMENTS FARAMETERS PLOTS OPTIONS ESTIMATE 2 15 35738
Dat Brouse © | [ estmaedpoams | | expermentplt Ep < | -
w Parameters | Ex 4 25 1.0229
EV3_dia EstimatedParams p 3 £ L
MEBV dia 1r 6 HydroElectricTwinModel/Pressure Sensor:1 & 35 0.9547
) —+—EV3_dia I I I Measured
00t —&— BV dia 5k Simulated | |
= | ]
|v Experiments | 0.8
s b e T 3t ]
_ Optimization started 17-Apr-2019 16:26:08 ~
07 2 h =1
Estimation converged, 17-Apr-2019 16:26:29
1t 1
06+ ‘HydroElectricTwi ' updated with esti vslues bt
o § gl ] Save teration...| | Display Options... Estimate
w Results = 0.5 - H
o 5
EstimatedParams = + rpmSetPoint
1441 T T
0.4
14405 1
v' Setup Experiment
* Preview P 1440 . p p
Measured ocutput signal({s): :
— HydroElectricTwinModel/Pressure -
on | | v Parameterize
Measured input signal({s):
- rpmSetPoint 0 . . : : T 1439 - - : - S S H
o 2 4 s 8 10 N v Save Sessions
Iteration Time (seconds)
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Ramanuja »

4\ Ul Figure

s @A I v\ P
Current Folder loT Setup Data Logging ®  Workspace ®
1 Name Name ~ Value
dP
% E;:ro; Read Write
- 4 8 - | ReseT | | MOTOR |
tH sdoMod EV2 1 1
s : ! me [ 2|
" ApptH timeSeri PT1 1837
£ calibraty A s File Name |data
£ TC1 12
MBV 100 100 [ Save |
RPM 0 0
% modifi VOLT 235
% sdoMoq AMP
=l Microsoft Exce kw 0
o
@' Recordg PumpChoice 2 I 2}
dataAcq.mlapp ({ Normal O
|  Write Data |
——————— Leakage e
Write Status: Waiting for Input e
Blockage
< >

4\ MathWorks
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0 oAccess and Explore Data - BUIld digital twin and generate sensor data

Process [s; )
En g I n eer file Edit View Display Diagram Simulation Analysis Code Tools Help File Explorer Simulation View Tools Window Help
. . - = - [ Nl R 0wE I a@dIE I og|H |3 B | View convention: ||| & | ke |Bv & o Q [ |,
ok Mechanics Explorer-sm_pump_triplex
sm_pump_triplex 2., sm_pump_tr §
@ B o
ek |
t1 = Pump ~
@ - OU #-Connection 1
Out2
=¥
- Out3
(= In1§{
\ & In2
3 J’)\
s In3 <l >
Driver: Motor Pump
T\ipressure with Noise = o X
File Tools View Sin Vlrtual Sensor Data >
‘@' “ w' » = T T T
Simulation (e ‘\'.'/\"/I_J ( 0,003 &) 1/32x —J— Time 0,010807
~ » |
pMeas » pMeas |

Diagnostics: On

9000

No Fault Blocked Inlet Seal Leak Worn Bearing

| L

Running

Sample based T=0.006 211% T=0.012 0% auto(ode23t)

&\ MathWorks'
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Process
1 P4 sm_pump_triplex * - Simulini =
En g I n eer mes z:( ::wp'eDlspliy :)l:gram Simulation  Analysis Code Tools Help :
Z-o-8 <« He-E-94gqOP = BN- 1D~
sm_pump_triplex
@
« —q
= _Q
& Q
&
z —q
—4
—(

Inp

Workers

. J/

- J

Simulation 1
Simulation 2

~ Desktop System N

Workers

- J

Run parallel simulations

Access Data

4\ MathWorks

, Access and Explore Data -~ Simulate data with many failure conditions
N7

ens = simulationEnsembleDatastore(location)

ens =

simulationEnsembleDatastore with properties:

DataVariables:
IndependentVariables:
Conditionvariables:
SelectedVariables:
ReadSize:

NumMembers:
LastMemberRead:
Files:

[25x1 string]
[0x@ string]
[0x0 string]
[25x1 string]
1

702

[0x0 string]
[702x1 string]

Spofl’g

Store data on HDFS

20
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Predictive Maintenance Workflow

3

Develop Predictive
Models

Integrate with S
Production Visualize Results
Systems

Access and Explore Dfita

Files Working with | Model Creation e.g. | Desktop Apps | 31 party
Messy Data Machine Learning dashboards
£ b 8 i .
‘ D Ee== ©Spotfire’
e — TIBCO Software
- fitableau
+F
Databases Data Reduction/ Parameter Enterprise Scale Qlik Q
Transformation Optimizati Systems
— pHMIzation d AWS m Power BI
J + Kinesis
Web apps
Sensors Feature Model Embedded Devices 000 |
= = Extraction Validation and Hardware
&3 - A ul
N ad . . ‘
[N t ) 3 S xRy .: - ﬂ
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Process
Engineer

g _ Represent signal information

4 Signal Analyzer - PumpSignals.midatx

Signal processing

[Spectrum, Frequencies]| = pspectrum(data.Flow);
[pLow,pHigh] = bounds(Spectrum);
fPeak = Frequencies(Spectrum==pHigh);
gPeak2Peak = peak2peak(data.Flow);

OPTIONS

VYW

[« Figure 1

File Edit View Insert Tools Desktop Window Help

Neds @0 s E

3500
gCrest = peak2rms(data.Flow);
3000
gRMS = rms(data.Flow);
2500
gMAD = mad(data.Flow); .
NAME & size CLASS AT ‘_El 2000
fiig alifaults 1000x3 @
@ bearingPump 1000~3 timetable
fiS blockedPu... 1000=3 timetable
@ healthyPump 1000=3 timetable
E leakingPump 10003 timetable

0.2 0.4 0.6 0.8 1
Normalized Frequency (xw rad/sample)

° 3 B 8 & 8

-
=)

5 8 8

Power/frequency (dB/{rad/sample))

| 1] \ |

800 200

4\ MathWorks
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.‘\ Diagnostic Feature Designer -
[ rearore vesioner L’%m‘c 23 RLExamples 2 Clantp () (i

".—j ﬁ &1 m % f~] Fitering & Averaging v @h . LL&. %

: v @ Residue Generation v
Open  Save Import  SignalTrace Conptmtion _ Time-Domain Speotra! Export
FILE ] PLOT lCOWUTATION ‘ DATA PROCESSING l FEATURE GENERATION | RANKING IEWORT ig
Data Browser ® | Signal Trace: flow/Data |
'iv Signals & Spectra
Coffowata | — signal Trace
(% pressure/Data S — 50 T T T T T T

;V Feature Tables

flow/Data

20 - - o [k

‘v Datasets 15 |
E >EAns-embIe1 4 flow/Data:Member 71
faultCode=101
10 | | | | | \
0 0.1728 0.3456 0.5184 0.6912 0.864 1.0368
Time sec

Scale: O ms @s

i) Signal trace plot for "flow/Data" is in focus.



4 Diagnostic Feature Designer - Signal Trace: flow/Data — X

[ FEATURE DESIGNER SIGNAL TRACE VIEW

Select data to plot

Signal Trace

Data Browser ® [ Signal Trace: flow/Data = l __J Power Spectrum: flow_ps/Data
w Signals & Spectra
% flow/Data —
(44 pressure/Data — Power Spectrum
flow_ps/Data — T T T T T T
faultCode=110
> fautCode=101/ |
faultCode=11
0 faultCode=1 B
faultCode=10
faultCode=100
w Feature Tables 5 faultCode=0

flow/Data

Power (dB)
&

-20
w Datasets 157 l i =0
flow/Data:Member 58
—H Ensemblel faultCode=101
10 ' : : : : =)
0.3456 0.3888 0.432 0.4752 0.5184
Time sec -35 [ flow_ps/Data:Member 83 |
faultCode=101
| i i i | 0 50 100 150 200 250 300
0 0.1728 0.3456 0.5184 06912 0.864 1.0368 Frequency (HZ)

Scale: Oms @s
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Diagnostic Feature Designer App

Predictive Maintenance Toolbox

4\ Diagnostic Feature Designer - Power Spectrum: pressure_ps/Data

FEATURE DESIGNER. OWER SPEC VEW

= Extract, visualize, and ran ST ——— S—

= Residus Generation ~
Feature Feature. Time-Domain  Spectral Rank Export
Table View  Trace Optons [ SpectralEstimalon > Features v Features Festuresy v

e at ures fro m sensor d at a — T e

 Signals & Spectra
Fid flow/Data

[ pressure/Data
flow_ps/Data
flow_ps_1/Data
pressure_ps/Data

Open  Save kot fistogram
Session Session Data v

Power Spectrum

|| || 9

faultCode=100
faultCode=0 |

= Use both statistical and e

Features:
flow_stats/Data_ClearanceFactor
flow_stats/Data_CrestFactor

ynamic modeling methods S

flow_stats/Data_PeakValue

Power (dB)

- . L
¥ Datasets S—— N - - = e
pressire. psiData Hember 155
(1] Ensemble1 faultCode=111
X=113.0368.5)
av- 38
250
Frequency (Hz)
-
| Histogram: FeatureTablel < | |
u - - r pro...ts/Data_SNR pre...ts/Data_SINAD pro...ts/Data_RMS. [
Feature
fo...sData_RUS
pre..ta/ata_RUS
pre..is/Data_iean
fo...s/Data_ean
pre...ecData_Peakamp1 1055479
PR fo...eciData_Peakmp1 1017428
pre..ts/Data_Mean flo...s/Data_CrestFactor 721650
. flo...tsData_impuiseFactor 717221
flo...sData_ClearanceFactor 69,6091
- Explore and discover ol
i fo...eciDats_Peakmp3 654610
pre..{s/Data_THD. s34z
. . =, . pre..Data_GrestFacior 61923
7285 729 7295 73 7305 731 1315 T2 723 124 125 3 T LTy
pre...ts/Data_lmpu lseFactor pre...ts/Data_CrestFactor pre...ts/Data_ClearanceFactor pre..ts/Data_ClearanceFactor 61,8540
pre...cc/Data_PeakAmg3 536564
pre...cc/Data_Peakimp2 473822
flo...eciData_Peakmp2 w0777
flo...sData_SNR a7 7644
pre..isData_SHR a7sse8
< >

1007 1008 1008 101 1011 1012 1007 1008 1008 101 1011 1012 1007 1008 1008 101 1011 1012
Previous | Next

1) Histogram for "FeatureTable1” feature table is in focus.
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Process
Engineer

Feature 2

l 3

4\ MathWorks

ey Develop Predictive Models in MATLAB

Fault Classification Estimated Remaining Useful Life ~ 18 hrs

Fault -
Codes = .
= L
= 0
- . Real Data
8
23 Failure Threshold
10
Health Indicator \
— Truadtind Forecast Dat&
Confidence Interval
A5 1 | | |
0 10 20 30 40 50

Feature 1

Type of Fault A _~~ Remaining Useful Life

(Classification) on (Regression)
MO

Plant
Operator 28



3

Process
Engineer
1 2 3 4
Time LeakFault  BlockingFault  BearingFault FaultType
1 0 sec 2.8472 -0.1477 1.8000 All
2 0.001 sec -0.1498 -0.4207 1.3103 Bearing & Blocking
3 0.002 sec 0.6511 1.6521 -0.5557 Leak
4 0.003 sec 0.1469 -0.2775 1.0074 All
5 0.004 sec -0.6480 0.7065 -0.8878 Blocking
6 0.005 sec -0.8165 -0.5434 -0.3079 Blocking
7 0.006 sec -1.0061 1.2083 0.0661 Bearing
8 0.007 sec 1.0125 -1.9098 -0.7027 Leak & Blocking
tt = tall(ds);

tt = preprocessData(tt); —

model = TreeBagger(50,tt, 'Event’');

Evaluating tall expression using the Spark Cluster:
- Pass 1 of 2: Completed in 11 sec

- Pass 2 of 2: Completed in 2.3333 min

Evaluation completed in 2.6167 min

s sy Develop Predictive Models in MATLAB

W blockedPump Flow

Power Spectium (dB)

Frequency (Hz)

M O

[heoursey 71.8% |

Tarid teahures,
Accuracy: 68 3%
1414 feshures.
Accuwacy: 64 %
4114 feshures
Accuracy. 58 5%
14114 feshures
Accuracy. 64 6%
[ "

4114 festures

1434 feamres

class

True

Fredichon speed  ~13000 obsisec

Data set dataTrain  Observations: 5366

Validation: 5-fold Cross-Validation

Size: 783kB  Prediclors 14 Response: FautType  Response Classes: 8

Validate Model

4\ MathWorks

Represent
Signals

Train Model

29



Process
Engineer

3

Develop Predictive
Models

Classification Learner - Scatter Plot

Data Browser

All Linear

Scatter Plot

|w History

Develop Machine Learning Models

Plot
11 Tree [Accuracy: 66.8% | Predictions: model 1.1
Last change: Fine Tree 14/14 features O Data
1.2 ' Tree Accuracy: 64.9% ® Model predictions
Last change: Medium Tree 14/14 features ® Correct o
1.3 i Tree Accuracy: 59.3% X Incorrect =)
Last change: Coarse Tree  14/14 features 135
1.4 ¢/ Linear Discri... Accuracy: 59.5% [~ Predictors
Last change: Linear Disc... 14/14 features
1.5 7 Quadratic Di... Accuracy: 64.6% X: freak -|
st change: ic.. 14A4f L
Last change: Quadratic 11 eature”s 1.3 Y: qCrest v
1.6 7 .. Training [N &)
Last change: Linear SVM 14/14 features
L7 ¥% .. Training EEEEE # Classes Move to Front |
Last change: Quadratic ... 14714 features § 1.25 Show| Order |
1.8 77 .. Traning (NI & None
Last change: Cubic SYM 14114 features P Leak
= = [+ X Blocking
~ CUerEModsl el » Leak.& Blockir
— § X e o Bearing
Model 1.1: Trained > ™ Bearing & Les
Results °, %) Bearing & Blo
Accuracy 66.8% 4 L ] All
Prediction speed ~310000 obs/sec : 115 L4 e
Training time 1.4905 sec
°

Model Type 3 2 5 2 : 5 4 s
Preset: Fine Tree 10 30 40 50 60 70 80 90 How to investigate
Maximum number of splits: 100 fPeak featuras
Split criterion: Gini's diversity index

| rrnnate de nn cnlite: Off e
[Data set: data  Observations: 7665  Size: 1 MB  Predictors: 14  Response: FaultType  Response Classes: 8 ” Validation: 5-fold Cross-Validation

4\ MathWorks
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Develop Predictive Estimate Remaining Useful Life

Models

Process
Engineer Model Coeff: ¢ = 2.1396 ¢ = -0.038836 3 = 0.13184

Health Indicator
o
T

A0

Health Indicator
Threshold

Confidence Interval
| | | | | |

0 10 20 30 40 50 60

Est. RUL ~ 18 hrs

-15

0.04 —
pdf of RUL
0.03 — = Estimated RLUL
True RUL
é on2? - Confidence Interval
2o
0.01
0 | L | | | |
0 20 40 &0 &0 100 120

Time (hours)

S(t) = ¢ +6(t) p (Bt +e(t) -

32



4 Integrate with

Production Develop a Stream Processing Function

Systems

Process
Engineer

- Batch Processing: Build and test model on simulated data

Historical Data Train Model Scale Up Predictions

Storage " lII

Dashboard

Storage

= Stream Processing: Apply model to sensor data in near real-time

i i i Streamin Gl
Continuous Data Messaging Service Functiong Update State
( \ Dashboard
| J
reed reed e f
@ @ @ [ ] X Alerts
Pump Sensor Data [ ]
\- / \ @
Storage

Make Decisions

4\ MathWorks

33



4\ MathWorks

Integrate with

’ P18 VSTl Develop a Stream Processing Function

ol Systems

Process : ;
Engineer Otreaming Function

Process each window of
data as it arrives

function new_state = streamingFunctionfdata

Preprocess signals

[data,features] = preprocessData(data);

] Previous state
Predict faults

[Leak,Blocking,Bearing] = predictFaultValues(features);

FaultType = predictFault(features); _

[RUL,Model] = predictUpdateRUL(data.Timestamp,data.Flow,500); Current window of data to
be processed

Update state

new_state = updateState(data,old_state);

Write results

writeResults(Leak,Blocking,Bearing,FaultType,RUL,Model)
end 34
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Prototype Predictive Maintenance Architecture on Azure

\ \ N
Edge Production System Analytics Development
Generate /s Azure MATLAB MATLAB
( ) Compiler SDK
telemetry MATLAB Production Server P =
Worker processes ;f?« ‘ =
<‘) ‘ Debt? : ; E
“IN 2 5 Request | <{mummmmmm am A\
Broker Algorithm
Developers
_ Connector ‘\ ~ P
Package
& e \_ ) & Deploy
‘ L Model )
» Business Decisions
@ Apache System (" ) | H
. Kafka Architect — .
State Persistence
)) %9® elastic | pm—) K kibana D o
(D End Users
Storage Layer . Presentation Layer | T@&
. J




What does a streaming function look like?

function pumpconsume(msg)

% Persistence service cache name must be unique to this group ID.
msg.metaInfo.cacheName = make_cache_name(msg.metaInfo.groupld);

Application publishes results to a Kafka topic. The topic name
uses the group ID to allow multiple simultaneous Kafka consumers --
test and production, for example.

consume and <consumerFunction> must agree on the name of the metalnfc
field used to store the topic name.
msg.metalnfo.resultTopic = strcat('pump results ',
matlab.lang.makevalidName (msg.metaInfo.groupId));

%
%
%
%
%
%

% The name of the connection to the persistence service. Configured

% (cot) b%‘ MATL AR Droaduction Server admin

msg.metalnfo.connection = 'Azure Redis';

% Variables i1n the data table that we publish to Kafka.
msg.metalnfo.outputvariables = ...
struct('Flow',NaN, 'Pressure',NaN, 'Current',NaN);

% Emit more log messages.
msg.metaInfo.Verbose = true;

% Finally, consume (process) the data in thie 1input message.
mps.stream.consume(msqg) ;

end

4\ MathWorks

v

Topic

v

Persistence

v

Expected Signals

v

consume
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results = runtests('predictFaults tests')

Running predictFaults_tests

- % & ®

Done predictFaults_tests

results =
1x4 TestResult array with properties:

Name
Passed
Failed
Incomplete
Duration
Details
Totals:
4 Passed, © Failed, © Incomplete.
©.01614 seconds testing time.

Test Stream Processing Function

4\ Production Server Compiler - untitled1.prj*

4\ MathWorks

Server Address

Accepting client connections on: http://localhost:8910/streamingFunction

Server Requests @

Server started. Start client.

Clear All Requests

¥ Server Log

22 [Sat Nov 03 18:54:15 EDT 2018] binding to endpoint '[::]:9910" ~
23 [Sat Nov 03 18:54:15 EDT 2018] using '[::]:9910

24 [Sat Nov 03 18:54:15 EDT 2018] bound to '[=]:9910

25 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE: date_clock] Starting

26 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:date_clock] Started successfully

27 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Starting

28 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Waiting for a connection on port 9910

29 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Started successfully

30 [Sat Nov 03 18:34:15 EDT 2018] [SERVICE:http] [endpoint:[::1:9910] Listening for connections v

Save Log Clear Log
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Test and Debug Streaming Function

'\‘ Applications ¥ Places ¥ &TLAB R2018b v Wed12:25 O #) O ~

MATLAB R2018b

EDITOR PUBLISH

@Hnd Files $ o Insert @ fx i ~
dl] D E LUCempnre v QGoTov‘ Comment %#.éi' ‘

Open Save 7

<@ = 5] & 27/ » home » pkar » pumpdemo-master » Streaming » viP

Current Folder ® [ Editor - /home/pkar/pumpdemo-master/Streaming/mps_stream/pumpconsu... ® X
| |Name < | ¢ [ fakeResultsToKafka.m »| pumpconsume.m | + |
£ mps-utils 4} |49 - | fprintf (1, 'msg.metaInfo.consumerFunction = %s\n', ... :u
# 2 PumpFault_Linux 50 msg.metaInfo.consumerFunction); B
I StreamingCode L |51
2 test 52 %numk = size(msg.key,2);
#) make_cache_name.m 53 %for 1=1:numk
() mps_cache_config 54 % msg.key{1}='pmp';
) pumpconsume.m 55 %end
£ PumpFault_Linux.prj 56 % Finally, consume (process) the data in thie input message
ﬁj sendResultsToKafka.m 57 @ mps.stream.consume (msg) ;
] streamingReadme txt — S8- “end
() Theknowledge .txt 59
(3 SimExecutable vl L I
pumpconsume.m (Function) Pl command Window ®
fx >> ¢ -
Workspace @ ul
Name < IVaIue l
ctrl 1x1 Controller

]

‘ B [VNC con... } @[pm@bgl...J pk.rebgl-...] @ (MaTLaB ... l 4\ vaTLaB R...‘ B prar@bgl... |_ 4\ [Productio... | 1/4

4\ MathWorks
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Production Package Stream Processing Function

classifyData

s packaqged 1or recistnbut !

E] classifyData.ctf a readme.txt

Add or create a function sionature file to help clients use vour MATI AR functions,
< b >

v

4\ MathWorks
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Production Package and Test to generate compiled archive

S

stems

‘i" Applications ¥ Places ¥ &kage = Wed10:59 O ) O ~

Production Server Compiler = PumpFault_Linux.prj = =] x
COMPILER

@ O &

% Deployable Archive (.ctf)

%) pumpconsume.m g5 @ g %

’E] streamingFunction.m
. Settings st  Package

EXPORTED FUNCTIONS

Package

SETTINGS

-

Archive information

PumpFault

101 v VWV

i ﬂﬁii

LI

Additional files required for|

] addjarFile.m ) c¢ Creating Binaries... IFcn.m —
® eyteDecoderm ®Dl Open output folder when process completes FENsM
) consume.m OE ngFun...

) consume.m ) EventHubKafk... || MATLABKafkaP... ¥ Producer.m ) utils.m
) consumer.m () EventHubkafk... [ ) MATLABKafkaP... [) sif4j-api-1.7.2...
®) consumer.m | ) EventHubkafk... | ] MATLABKafkaP... | ] slif4j-api-1.7.2...

CI. 4

¥ consumerFac... ™) |soNParser.m W) Messaae.m 7 slfdidoadil2-1...
W ctrl Ix1 Controller FAULLIypE: BEaring
RUL: O
Key = pmp
Data:

{"timestamp" :"16-Apr-2019 21:59:02","key":"pmp", "LastUpdated" :"17-Apr-32

Topic: pump_results_mpsstuff

[2019-04-17 00:22:31.819] Processed 500 messages 1n 1.470139 seconds
fx >=

L4 |

nn

‘ B [VNC config] J B piar@bgl-pk... | [ prar@bgl-pk... | @ [MATLAB Pro... ‘ 4\ MaTLAB R20...| 4\ Production s... | 4\ MaTiaBR20..| 174

4\ MathWorks
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+* Applications ¥ Places ~ “%es v

Wed11:01 0O ) O ~

K

_ > Hﬂ'Home

expo_proj ‘ pumpdemo | Streaming | mps_stream | PumpFault_Linux ‘

G & B & ¢« D B QO

e 9 @

Recent

Home

for_redistribution

Documents
Downloads
Music

Pictures

Videos

Trash

Computer
Browse Network

Connect to Server

. By @

for_testing

PackaginglLog.html

B¥ [VNC con...

B prar@bgl-...

pkarobgl-...| @ [MATLAB ... \ 4\ vaTLABR...

A\ Productio.. | &\ MATLABR...

4\ MathWorks

Compiled Package and Runtime requirements
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| 4\ MathWorks

Integrate with

Production Starting MATLAB Production Server Dashboard

Systems

Process

. ** Applications ¥ Places ~ |‘minal' Wed11:07 O ) O ~
Engineer

pkar@bgl-pkar-CentO51:~ = o x

File Edit View Search Terminal Tabs Help

pkar@bgl-pkar-CentOS1:~ X pkar@bgl-pkar-CentOS1:~ X pkar@bgl-pkar-CentOS1:... X pkar@bgl-pkar-CentOS1:~

[pkar@bgl -pkar-Cent0S1 kafka_2.12-2.2.01% cd
[pkar@bgl -pkar-Cent0S1 ~]1$ MPS/R2018b/dashboard/mps-dashboard.sh l

B [VNC con... J B prar@bgl-... @ [MaTLAB .. l 4\ MaTLaBR... | @\ Productio.. | 4\ MATLABR...| |2 for_redistr.. | 1/4 42
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»* Applications ¥ Places ¥ mefox Web Browser ¥ Wed11:07 O #) O ~

pkar@bgl-pkar-CentOS1:~ o x

File [ B

4 MATLAB Production Server Dashboard - Mozilla Firefox = o x

pt el
MATLAB Production Serv... X | +

[pkar(
[ﬁkar( € ) @ | localhost:9090/#localhostioverview _tat C [ |Q Search B 3+ & QO =
sh: .1
start ;
start MATLAB Production Server Dashboard
IMATLA

Description localhost

Search Menu

IP Address [ocalhost

o
- SEervers
Instances
v == localhost
=== PredictiveAnalytics
Applications
Name Description Status Workers HTTP HTTPS Actions
E PumpFault >
v a2 ) PredictiveAnalytics ® 9910 EI]-
=~ Persistence * Stopped
s . L U
= Redis_1

ATLAB P. &\ maTLaB R...j ) Piodiciio.. j 4\ MaTLAB R...} & for_redistr... | 1/4

B [VNC con... 1 pknr@bgl-...J P""r@bgl-,._J

Deploying Streaming Function on Production System

"MATLAB Production Server |
o) 4

MATLAB
Compiler
SDK

MATLAB

Eas
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Production System

]

\ Connector )

Apache
Kafka

&

\_

~
MATLAB Production Server

Worker processes

‘.‘

Request «

Broker

State Persistence

$
i

%@ elastic |\

Storage Layer

4\ MathWorks

Integrate Analytics with Production Systems
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4\ MathWorks

MATLAB Production Server on Azure

/A Az

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

ure

/

<

Connectors for
Streaming/Event
Data

\_

J

Production System

<o @ @ » Virtual Network

Management Server

MATLAB Production Server Cloud Console

-

™ - o
r‘ MATLAB
r‘ Production _ ® -
- _ﬂ Server(s)
- scaling group Application
_J [ Gateway Load
Balancer

|

L}

1
I

State Persistence

& B 0

Connectors for Storage & Databases

- e e e o = =

» https management endpoint

- e

Enterprise Applications
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4\ MathWorks

MathWorks Cloud Reference Architecture

). MATLAB Production Server Clo Home - Microsoft Azure ) MATLAB in the Cloud - MATLAB = X + X

< (@ @ https:;//in.mathworks.com/cloud html| @ Yt Incognito @

Converting Matlab... [ FIK and License File... ) Data Analytics - Ho... ) Add-On Product Re... ) MATLAB and Simuli... ) Travel Request [ HIVE JDBC Connector [ VseatReports

&MalthWorks Products Solutions Academia Support Community Events Get MATLAB
MATLAB in the Cloud

Overview AWS  Azure  Other Clouds

Use MATLAB in the Cloud

Run in different cloud environments from MathWorks Cloud to public clouds including AWS, Azure, and others

MathWorks Cloud

MathWorks Cloud provides you with instant access to MATLAB and
other products and services you are licensed for hosted on MathWorks %
managed cloud infrastructure. With MATLAB Online , you can use
MATLAB in a web browser without installing, configuring, or managing
any software. MathWorks Cloud also provides MATLAB Drive”, giving
you the ability to store, access, and work with your files from anywhere.
You can access MathWorks Cloud solutions anywhere across different
devices, use them to teach and learn, and to incorporate MATLAB

analytics for a variety of applications.

Learn more about hosted offerings.

Public Clouds

46



MPS License and Instance Settings

} MATLAB Production Server Clou: X mpsindia - Microsoft Azure <) Azure - MATLAB & Simulink Custom deployment - Microso -

&« C' A Notsecure | hitps://40.114.4.72:9( ¥¢  Incognito @

Converting Matlab... [} FIKand License File.. <) Data Analytics - Ho.. <} Add-On Product Re... ) MATLAB and Simuli.. <} Travel Request [ HIVE JDBC Connector [EH VseatReports

Administration ~ Hello, matlab

.l MathWorks: Home Appl

License Server Host ID: ©@ 000D3A15495A

Upload MATLAB Production Server License

Browse License File... [QI=HhEEN]

Upload

Additional Information

Click here to view the license server log.

4\ MathWorks'

47



4\ MathWorks

Serving REST Calls on Production Server

[]j Runner Import D. Builder Sign In (4] ‘ £ 9

o Chrome apps are being deprecated. Download our free native apps for continued support and better performance. Learn more X

No Environment

[ ] [ ] http://mpsaysnsotsl @ L]
History
POST http://mpsay5nsotskuk4q.eastus.cloudapp.azure.com:9920/my_numadder/my_adder Params Save
Clear all
rs (1 Body @ (
~ Today m y Code
http://mpsay5nsotsku form-data x-www-form-urlencoded @ raw binary  JSON (application/json)
k4g.eastus.cloudapp.
azure.com:9920/my_ 1~
2 "nargout”: 1, I
3« “rhs": {
¥ January 24 a "a": 2,
5 "bti 7
http://mpsay5nsotsku 6 1
k4q.eastus.cloudapp. 7}
azure.com:9920/my_
http://localhost:9910/
my_adder/my_adder
http://mpsay5nsotsku
R T e aRe. Cookies ) (5) ; Status: 2000K  Time: 63139 ms

azure.com:9920/my_

http://mpsay5Snsotsku
kdg.eastus.cloudapp.
azure.com:9920/my_

http://mpsay5nsotsku
k4g.eastus.cloudapp.
azure.com:9920/my_

http://mpsay5snsotsku
kdg.eastus.cloudapp.
azure.com:9920/my_
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MathWorks Reference Architectures

mathworks.github.ic

o httpsiffmathworks.com/fcloud Verified

ﬂnatlab-aws-sB matlab-azure-blob matlab-parquet \
MATLAB interface for AWS S3. MATLAB interface for Windows Azure Blob Storage. MATLAB Interface for Apache Parquet
@ MATLAB  Updated 26 days ago @ MATLAB  Updated on Feb 21 @ MATLAE ¥ 1 Updated on Dec 20, 2018

matlab-avro

matlab-azure-data-lake matlab-aws-common
MATLAB Interface for Azure Data Lake. Code common to MATLAB interfaces. Code in this repository is used as a MATLAB interface for Apache Avro files.
dependency for other projects such as matlab-aws-s3. @ MATLAE  Updated on Feb 9

@ MATLAB  Updated on Feb 21
\ @ MATLAE  Updated on Feb 21 /

{»W Cassandra AWS ‘
e =

Microsoft* K v
Databases :f%b SQL Server ness Azure 5‘ “1 Streaming
§€ kafka 1oT Hub g

mongo
Azure Azure ﬁ —
01 SQL <
Cloud Blob Q sat @ oS0t
- < ATLAB Production Server OT Platforms
Storage :5 azon | S3 . Pl System
wepservices™
2 =\ ==

cloudera o o0 @R — v N Microsoft Power Bl

HORTONWORKS' ' +++
i +ableau Dashboards

@ osi-o.
PI System Q|ik @ © Spotfire

Big Data /
OT Platforms
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| ﬂ 4 Integrate with

- e Review System Requirements
System
Architect

« Requirements from the Process Engineer

— Every millisecond, each pump generates a time-stamped record of Q
flow, pressure, and current N

— Model expects 1 sec. window of data per pump

Process Engineer
— Initially, 1’'s — 10’s of devices, but quickly scale to 100’s

« Requirements from the Operator

— Alerts when parameters drift outside the expected ranges
— Continuous estimating of RUL for each pump -
p | Operator

Dispay Diagram Simultion Anabysis Code Tools Help
B-o-8 < He-B-edOP = [-=1-0-8

MATLAB Production Server

Worker processes

Out1

Out2 4.\
. outs : Request
| | > : Broker

,, Apache Connector <4
® otor Pump Inp Kafka
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Production Integrate Analytics with Production Systems

Systems

Production System

J\ Azure

Worker processes

-

\ Connector )

\_

MATLAB Production Server

Request
Broker

~

1
i

State Persistence

%@ elastic |\

Storage Layer
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| ﬂ 4 Integrate with

: o Connecting MATLAB Production Server to Kafka
SS/ste}n
Architect

= Connector feeds single Kafka topic to a MATLAB function

= Publisher library for MATLAB for writing to a results stream

= Connector Features:

— Deploy as a micro-service with Docker §g B
pump_fleet ( MATLAB Production Server A
_ H H H W orker processes
Drive everything through config R MHE Y
Connector : Request
: Broker
— Group data into time windows and pass to pump_results 4
MATLAB as a timetable - /

—)

— Use Kafka’s check-pointing (i.e. at-least-once)

52



Setting up the Kafka Connector

#!/usr/bin/env bash

BASE=$ (pwd)

echo "BASE: ${BASE}"

MPS_HOME=$BASE

KAFKA _CONNECTOR_DIR=${MPS_HOME}/../../kafka-connector/Software/Java
MPS CLIENT ${KAFKA CONNECTOR_DIR}/client/java/mps_client.jar

KAFKA CONNECTOR—${KAFKA CONNECTOR_DIR}/lib/com/mathworks/mps/kafka-connector/1.1.0/kafka-connector-1.1.0-jar-wi$j
CLASSPATH=${MPS_CLIENT} :${KAFKA_CONNECTOR}

# CLASSPATH=${CLASSPATH}:${MPS_HOME}/1lib/com/mathworks/mps/kafka-connector/1.1.0/kafka-connector-jar-with-depen$

export GROUP_ID=mpsstuff

export CONNECTOR TOPIC=to-mps

export CONNECTOR_TOPIC_OUT=from-mps

export MPS_CONNECT=http://localhost:9910

export MPS_ARCHIVE=PumpFault

export MPS_FUNCTION=streamingFunction

export BOOTSTRAP_SERVERS=localhost :9092

export MPS_DISPATCH_FUNCTION=pumpconsume
Skip or stop

export MATLAB_ERROR_ACTION=skip

echo "CLASSPATH == ${CLASSPATH}"

exec java -cp ${CLASSPATH} \
-Dlog4j .configuration=file:${MPS_HOME}/config/log4j .properties \

com.mathworks.mps.client .kafka.KafkaConnector $@

4\ MathWorks

Libraries

Configuration
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subscribe

Committed
Offsets

Kafka connector architecture

n
Py
B
add Wn Wl W0 add

ﬂ

Networking
Threads

‘ MathWorks

Async
HTTP
to
Server

-
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i e Streaming data Is treated as an unbounded Timetable
Systems
System y
Architect Input Stream Output Stream
----- =+ _--
18:01:10 Pumpl 1975 MATLAB
18:10:30  Pump3 2000 109 115 Function e e
:00: :10: 5
18:05:20 Pumpl 1980 105 105 Pump3
18:10:45 Pump2 2100 110 100 Sz
18:10:00 18:20:00 | Pump2 7
18:30:10 Pump4 2000 100 110 MATLAB Pump3 ;
18:35:20 Pump4 1960 103 105 Function Pumpa
18:20:40 Pump3 1970 112 104 18:20:00  18:30:00 _Pumpl
Pump3 4
18:39:30 Pump4 2100 105 110 "
ump
18:30:00 Pump3 1980 110 113 MATLAB 18:30:00 18:40:00 Pump5
18:30:50 Pump3 2000 100 110 Function Pump3 5
Pump4 8
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@ et Messaging adapter for Production Server

Systems

System
Architect

= Bridges streaming data and Production Server Async Java Client

Batches incoming messages and sends them via HTTP request/response
— Time windows, event time processing, and out-of-order data

= Uses Asynchronous pipeline model with back-pressure
— Kafka consumers are automatically paused when server is busy

= Supports sequential (stateful) and unordered (stateless) processing
— Provide unique stream ID/topic/partition info for persistence layer

= Pass data as MATLAB timetables

- Partition aware — enables full exploitation of partition-based parallelism
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Integrate with . .
Creating persistence

Production

A Systems
Process «* Applications ¥ Places ¥ refox Web Browser ¥ Wed11:08 O ) O ~
En g I n eer pkar@bgl-pkar-CentOS1:~ - - x

File F
MATLAB Production Server Dashboard - Mozilla Firefox = o x
|\|-.d 1l
< | MATLAB Production Serv... X | 4 —

[pkar{- \
[Ekar (' @ | localhost: 9090/4#Persistencesoverview _tab | @ | |Q Search ﬁ B 3 & 9O =
sh: .
start )
startd MATLAB Production Server Dashboard
IMATLA

e Overview

Search Menu

M Servers
Search:

v
== localhost
4 Manage

§ Status 4§ Location § Control

Provider §

= MyApplication

=== PredictiveAnalytics
No data available in table

v ad Applications

E PumpFault Showing 0 to 0 of 0 entries h-‘

-
£° Persistence

0 Help

1/4

B [VNC con... ‘ pkar@bgl-...| B piar@bgl-... |g 4\ maTLaBR... | 4\ Productio... | 4\ MATLABR... 1 & for_redistr...




Process
Engineer

4

Integrate with
Production
Systems

Attaching persistence

«* Applications ¥ Places ¥

efox Web Browser ¥

Wed11:09 O ) O ~

pkar@bgl-pkar-CentOS1:~ - o x
MATLAB Production Server Dashboard - Mozilla Firefox = o x
/ MATLAB Production Serv... ¥ | + p—
(' @ | localhost: 9090/4#Persistenceoverview _tab | @ | |Q Search ﬁ B 3 & 9O =
MATLAB Production Server Dashboard
. Overview
Search Menu
m—m Create
Search:
e == localhost
= MyApplication % Location Manage
¥ “ Applications .
> m
E PumpFault Redis 1 localhost:6379 P
-
M g= Persistence h
g Redis 1 Showing 1to 1 of 1 entries
(7 JVTS
B [VNC con... ‘ pkar@bgl-...| [ prar@bgl-... |g &\ maTLaBR... | 4\ Productio... | 4\ MATLABR... 1 2| for_redistr...| 1/4

4\ MathWorks
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Debug your streaming function on live data

? Production
Systems
System
Architect
4 N\ [ N\
Production System Analytics Development
MATLAB MATLAB
A Azu re ) ) Compiler SDK
MATLAB Production Server =
Worker processes /?@ ‘ =
e N 0
‘ D b\ e =
ebug
S > -—
. : Broker .
\ Connector ) “\ Package
\ ) & Deploy

Apache

Kafka

/
25

State Persistence

%9 elastic

Storage Layer
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4 Integrate with

S eteme. Debug a Stream Processing Function in MATLAB

System

PUBLISH VIEW i | | ‘e Search Documentation

Architect
<P HE » C. » Users » jstewart » Projects » Kafka » Connector » StreamingExample » v R
Current Folder ® u Editor - C:\Users\jstewart\Projects\Kafka\Connector\S ple\Str ple‘streamingFunction.m ® X Workspace ®
Name - | streamingFunction.m analyzeResultsm | + | Name - Value
1] +mps i3 $§runction mlearnapp.internal.model.adapterlayer. Tmmm—-—; o i Corins
[ PumpFault_Linux 14 $#function mlearnapp.internal.model.adapterlayer.TrainedLinearRegressionModel
# StreamingExample 15
2 test 16— if nargin < 2
8“’"5""'5-"‘ 17 old_state = [];
consumeResults.m 19— end =
a fakeResultsToKafka.m S
7] make cache name.m e
Im_ =
=] TheKnowledge.txt 21
22 % Model doesn't work well with too few data points. =
23— limit = 100;
24 if height(data) < limit
25 fprintf ("Too few rows (%d < %d) to generate effective model.\n",
26 height(data), limit);
27 new_state = old_state; —
28 return;
G = end
30
31
32 % Get the keys present in the data, use categorical for performance
= data.key = categorical (data.key);
34 pumps = string(categories(data.key));
35
a8 % Load models
B = persiItant leakModel bearingModel blockingModel trainedModel
38
39— if isempty (leakModel)
40— x = load('MLModels.mat') ;
41 leakModel = x.leakModel;
42— bearingModel = x.bearingModel;
43— blocki 1 = x.blocki del;
44 trainedModel = x.trainedModel;
| < sl o
Command Window ®
New to MATLAB? See resources for Getting Started, X
S>>
PumpFault_Linux.prj {Production Server Compiler Project) .
No details available
nm
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orcdustion Running Kafka with MPS

Systems

System
Architect

a* Applications ¥ Places ¥ refox Web Browser ¥ Wed 17:48 [ W) (.') v

MATLAB Production Server Dashboard - Mozilla Firefox - o x
MATLAB Production Serv... ¥ | +

€ ) @ | localhost #MyApplication#overview_tab 50% e | |Q Search a8 4+ 4

) MathWorks
MyApplication FAuring mc
v BB senen oueriew Applicalors Lo e e Persis Ence
¥ B rocamost
-y nppiicaten UpTimG: 0:(!):05:12 CPU Percentage Wiorker Processes Fegest inCuewe
¥ Wl Applkatins 1% 0/4 0
B pumprair Server Instance Detail
- _ﬁ Pers ktence
1D: mgs 3
= Reas1 Memory Trrcughpal Totd Cueve Time
Descripfon:
© wer o 1464,192K  0.00/s 0s
HTTPS:

CrealedOn: 20180417 110738

LastModifed: 201904-17 111203

" Feqgest b Corplek ® Avallable Workers Manh Dexy Hour I
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Complete your application

_ ".gelastic )

Storage Layer

Business Decisions

( )

. kibana

o [

\_ Presentation Layer )

[-X-]
i

[rer]
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5

/—
a0 Visualize Results Complete Your Application
Plant 4\ MathWorks: HowE B

Operator Pump Summary

Add afilter + -
Pump Selection Fault Events Leakage Analysis

Pump Selection @055
Pump24 X | v ®0.56
@067
®0.528
@®0.69
I Clear form ] Cancel changes Apply .0?

Fault Events " @071
‘ ‘ ®0.72
‘ @073

Pump Average results .
-
Max Average Average \ /
Timestamp date ranges Bearing Blocking Leak
October 28th 2018, 17:00:00.000 to November 8th 2018, 0.004 0.698 0
22:52:59.697
-

Current / Energy consumption

erage Current

€
o
£ 02
5
)
u
g
g 02
H
H
E]

0

O LU P e T T BRI B9 T P R P N s i e s
Pressure
Leakage per Day Remaining Useful Life
@ Max Leak
-
2018110
RUL
2018-11-10

. 0%
5
&
a
8 o
s
® 20181147 4 » -
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http://pumpdemo.mwlab.io:3000/

’— ‘\MathWorkS‘
Build Standalone Ul based applications in MATLAB

SHORTCUTS

= 1 ol &1 3/ » local » Demos » PredictiveMaintenance » Repo »
Current Folder Command Window

Name [ fx' - |
& +mech_hydro...
& AC
& Dashboard
+ @ Data
& Documents
& Elasticsearch
& fakeResultsToK...
* [ MachineLearning
& MATLAB Kafka...
& mps_stream
& SimExecutable
| @@ Simulation
& slpr
B 1.\DataypdmR...
L3 _2\Data\pdmR...
B 3.\DatapdmR...
B 2.\DatapdmR...
B DigitalTwinApp...
& DocExample ...
@ fakeResultsToK..,
& fakeResultsTokK...
& FakeStreamin...

aaeds).

JEUILIOD

1

AOISIH p!

writeToEnsemble.m {Fu...

111




4\ MathWorks
MATLAB, Simulink and Cloud Reference Architectures provide
“Integrated Al Development and Deployment Workflow”
for Cross Functional Teams

» Successfully use Digital Twins to generate faults and train models

» Fast prototyping of physical and Al models with MATLAB

» Easy integration with OSS

» Cloud reference architectures for enabling faster IT setup

» Customize dashboard for Operator’s needs
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4\ MathWorks

Resources to learn and get starte

4\ MathWorks®  Froduets  Solusions

Enterprise and IT Systems

GitHub: MathWorks Reference °
Architectures

Working with Enterprise IT Systems
Data Analytics with MATLAB
Simulink

MATLAB Works with Your IT Systems

MATLAB" code is production ready and can be securely deployed and integrated with enterprise
IT systems, data sources, and operational technologies. IT can partner with engineering teams to:

+ Run reliable, secure, and scalable production applications on Windows™ and Linux’, either on-
premise or on public clouds like AWS" and Microsoft” Azure

Zsecurity mechanisms to authenticate, grant access to, and encrypt

Pull requests Issues Marketplace Explore
q P P ting systems and data, including modern analytics systems like

2", and Power Bl
15 workflows and tools, and enable engineers to self-deploy their

M a t h WO F ks Re fe rence A rc h | t e Ct ures 1 applications to production systems without having to recode.
itry-specific MATLAB and Simulink toolboxes, so users can get
Reference Architectures

https://matt

om/cloud Verified enti hoose MATLAB

[ Repositories 6 People 1 Projects 0

Deployment

Wl SDEREEAR thms, and models can run on s QWS
5 either on-premise or on the
ence architectures for AWS and
quickly. Use MATLAB
2ment large-scale, high-
p to many computers with
Stand up a MATLAB Distributed Computing Server cluster using Azure ting Server™

mdcs-on-azure

Deployment

@ %2 Y1 Updated 25 days ago

ud

Linux

/S Azure

mps-on-aws

Stand up a MATLAB Production Server using CloudFormation
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https://github.com/mathworks-ref-arch
https://www.mathworks.com/solutions/enterprise-it-systems.html
https://www.mathworks.com/solutions/data-analytics.html?s_tid=srchtitle
https://www.mathworks.com/products/simulink.html

MATLAB EXPO 2019
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